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Abstract 
The relation of traffic flow elements and safe separation is studied in this paper. Under the current separation standard, 
the reaction times of pilot and the probability of random deceleration were considered, based on 
Nagel-Schreckenberg traffic flow model, a flight Nagel-Schreckenberg traffic flow model was built according to the 
movement of the planes on the route. By computing an example the result can show the relation of the probability 
of random deceleration and the key element of air traffic flow. Furthermore, the optimal longitudinal safety 
separation of specific airplane is obtained. Compared with the actual air traffic flow, the model is feasible. 
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1.Introduction 
With the development of air transportation, the potential conflict between route congestion and the 
aircraft led by the increasing of air traffic flow is also growing. In order to guarantee the safety of the 
aircraft, minimum safety separation standard is implemented, thus it can improve the utilization of 
airspace resources, meet the increasing of air traffic flow and also be conducive to the implementation of 
control. So in the case of protection of safety separation, in order to achieve maximum flow of the route, 
it is necessary to study the air traffic flow. 
There are many research work in flight separation safety assessment both at home and abroad and a 
lot of research results have got.The most influential abroad is the model which was established in 1966 by 
P.G..Reich in Britain on the safety separation assessment in the longitudinal, lateral and vertical direction 
aimed at the North Atlantic parallel routes[1-3]. In 1993, Bakker used the new theory of stochastic process, 
proposed the safety separation assessment model based on partial differential equation aimed at any given 
route[4]. After 2000, Brooker proposed the Post-Reich model based on event which is also called EVENT 
model and evaluated the lateral and vertical separation in air traffic track systems[5-6]. There are nany 
relative research at home. In 1998, Zhao Hongyuan studied the probabilistic model of violation of 
longitudinal separation with the method of statistics, analyzed the relationship between it and the 
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geometry dimension of aircraft, the longitudinal separation of aircraft, the length of route, flight flow and 
other factors[7]. In 2007, Zhang Zhaoning used the improved Reich model to analyze the safety separation 
on parallel routes based on VOR (Very-high-frequency Omni-directional Range) navigation[8]. In 2008, 
under the guidance of Professor Zhang Zhaoning, Li Xinhua studied on calculation method of 
longitudinal safety separation with the flight following theory[9]. In 2009, Zhang Zhaoning established the 
collision risk model on parallel routes based on CNS (Communication Navigation Surveillance) 
environment, by analyzing the position error of aircraft in CNS environment[10]. 
When aircraft flies on the straight line route, it is not always unimpeded, due to some uncertain 
factors, its flight state can change; the change of flight state of any aircraft will pass back by a certain way, 
which will lead the change of flight state of  the aircraft following. This state of motion is consistent 
with the objective situation of traffic flow movement in the Nagel-Schreckenberg traffic flow model (NS 
model). So this paper attempts to use the NS model to study the air traffic flow and get the optimal 
longitudinal safety separation of specific aircraft in the premise of assuring the flight safety and maxmiun 
traffic flow. 
2.Nagel-Schreckenberg traffic flow model 
NS model is a typical one-dimensional traffic flow cellular automaton model, which is proposed by 
[11]. NS model is simple and easy to be 
implemented on a computer. At the same time, it can reproduce a variety of complex traffic phenomenon 
and reflect the traffic characteristics. During the simulation, by observing the change of the cellular state, 
people can not only get the parameters of the speed and displacement in any time, describe the 
microscopic properties of traffic flow, but also get the average speed, density, flow and other parameters 
to show the macroscopic properties of traffic flow. 
NS model uses a one-dimensional lattice chain to represent a single lane, that is divide the single 
lane into n  with the length of L , a lattice represents a cellular, each position is free or contains a 
vehicle. Define the length of cellular L  as the average separation of the head of the vehicle when the 
road is blocked, the range of the vehicle  speed is max0 ~ V , the time step is usually considered as the 
reaction time of the driver, the state of each position is max 2V . In the NS model, the movement rules 
of all the vehicles are as follows: 
(1) rule of acceleration: if max( )v t V , then max( 1) min( , 1)v t v v ; 
(2) rule of deceleration: if ( )v t gap , then ( 1)v t gap ; 
(3) rule of random: under the probability p , ( 1) max( ( 1) 1,0)v t v t ; 
(4) update the position: ( 1) ( ) ( 1)x t x t v t . 
Here, gap denotes the number of spaces between the vehicle and the one in front of it, x  
denotes the position of the vehicle. 
3.Flight Nagel-Schreckenberg model of the aircraft 
In the flight NS model of the aircraft, the thought of establishment is: divide a certain route into 
equidistant lattices, each lattice can be occupied most by one aircraft, the aircraft always flies at 
maximum speed, but flight conflict is not wanted. So, take a specific route, which is represented by a 
one-dimensional lattice, divide the route into L  lattices with the length of l  , n  aircraft are 
distributed randomly in these lattices, each position of the lattice represents a cellular and each position is 
free or contains an aircraft. 
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Figure 1 is the schematic diagram of flight Nagel-Schreckenberg traffic flow model. Define ijL  as 
the minimum longitudinal safety separation of the adjacent aircraft i  and j ; define the length of 
cellular l  as the average separation of the head of the aircraft when the route is blocked; at time t  , the 
position of the aircraft n  is ( )nx t , the speed is ( )nv t , the range of the cruising speed ( )nv t  is 
max0 ~ V , max 5V length of cellular/s; 1( )nx t  is the position of the aircraft 1n  at time t ; at 
time t , the aircraft 1n  is in front of the aircraft n , the separation of the two aircraft is 
1( ) ( ) ( )n n nd t x t x t  (the model has ensured the longitudinal safety separation of the aircraft, so the 
longitudinal minimum safety separation ijL  of the adjacent aircraft can be ignored, ( )nd t  is the actual 
distance of the head of the two aircraft minus the longitudinal minimum safety separation ijL ); 
p denotes the probability of random deceleration, which range is [0,1]; the time step can be considered as 
the reaction time of the controller or the pilot here, which is usually taken 1s; the state of each position 
has 6 kinds: free, the speed of the aircraft at the position1,2,3,4 and 5. 
 
     l        
                                                     ( )nx t         ( )nd t  
                                                                        1( )nx t  
                                                                   
 
Fig.1 The schematic diagram of flight Nagel-Schreckenberg traffic flow model 
 
At time t , update of the flight state is constitute with following four steps: 
 rule of acceleration: if max( )nv t V , then speed will increase by 1, but it can not exceed 
maxV , that is max( 1) min ( ) 1,n nv t v t V ; 
 rule of deceleration: if ( ) ( )n nd t v t , then aircraft n  decelerates to ( ) 1nd t , that is 
( 1) min ( ), ( ) 1n n nv t v t d t ; 
 rule of random: if the flight speed of aircraft n  is larger than 1, then speed will decrease by 1 
with probability p , otherwise not, that is with probability p , 
( 1) max ( ) 1,1n nv t v t ; 
 update the position of the aircraft: the aircraft moves by a new cruising speed 
( 1) ( ) ( 1)n n nx t x t v t . 
Rule of acceleration reflects the general trend of pursuiting speed of the pilot; the second rule of 
deceleration reflects the intention of both pursuiting speed and avoiding the flight conflict; the third rule 
of random reflects t  probability p ; the 
fourth rule updates the position of the aircraft. These four are combined to reflect the minimum rule group 
of actual traffic phenomenon, the lack of any rule or change of the order of execution can not produce real 
behavior. It should be noted that 1t s , so v t v ; because of the assumption that cruising speed is 
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integer, the two inequality ( ) ( )n nv t d t  and ( ) ( ) 1n nv t d t  are actually equivalent. 
4.Analysis of probability of random deceleration p  
Rule of random can combine the 3 different driving control property into calculation objective, that 
is operate around the maximum flight speed; overreact to the deceleration; lag to response the 
acceleration. [12] discussed the relationship between probability of random deceleration, probability of 
acceleration and density. On the actual route, when the density of aircraft is small, the probability of 
deceleration is relatively small, the probability of acceleration is large; on the other hand, when the 
density of aircraft is large, deceleration occurs from time to time, the probability of deceleration is large, 
at the same time the probability of acceleration is small. 
Assume that the relationship between p  and the density of aircraft is: 
~p                                           (1) 
Where, p  denotes the flight density on the specific route, the parameter  is the deceleration 
index, which range is 0 1. 
[13] refers to the research experience of [12], in the case of taking full account of the relationship 
between the probability of random deceleration p  and density , introduce the current speed ( )nv t  
and the maximum speed maxV . In the actual traffic flow, addition and subtraction of flight speed 
only have function relationship with density of aircraft p ,but also have inevitable relationship with 
current speed ( )nv t  and the maximum speed maxV . 
Therefore, assume the probability of random deceleration p  and density of aircraft , the 
current speed ( )nv t  and the maximum speed maxV  have the exponential relationship . Then the 
probability of random deceleration p  can be expressed as follow: 
max( ( ) / )
a b
l np v t V                                 (2) 
Where, parameters a  and b  are the deceleration index with the range of [0,1]. l  denotes the 
local density of the aircraft on the route[14], and 
1
1 ( )
n
l
n
                                  (3) 
Here, ( )  denotes Boolean variable. If the lattice is occupied by a vehicle, ( ) 1 , 
otherwise ( ) 0 . The parameter  denotes the field of view of the pilot with the help of the 
instrument.  
5.Numerical example 
5.1.parameter design of the numerical example 
Assume that the type of aircraft on the straight line route and initial speed are same. Take Boeing 
737-800 aircraft as an example, the length of captain is 39.5m, maximum cruising speed is approximately 
885km/h, generally cruising speed is approximately 848km/h. For simplicity, assume the maximum 
cruising speed of the type of aircraft is 900 km/h, that is 250m/s. Consider the selected route as a 
one-dimensional discrete lattice with the length of 50km, the separation of the lattice is 50m, so the route 
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is divided into 1000 lattices, 50l m , 1000L . 
So the density of aircraft 
n
L
, the average flight speed 
1
1 ( )
n
V V t
n
, the average air 
traffic flow J V , where n  denotes the total number of the aircraft that is uniformly distributed in 
the lattice. 
5.2.Result and analysis of the numerical example 
To simplify the calculation, the paper takes two cases when the probability of random deceleration 
0.2p  and 0.4p . 
 
Fig.2 Relation of the density and flow when 0.2p  and 0.4p  
 
Fig.3 Relations fitting chart of the density and flow when 0.2p   
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Fig.4 Relations fitting chart of the density and average velocity when 0.2p  
Figure 2 clearly reflects the influence of the probability of random deceleration p  to flight flow on 
the route, as p  increases, the uncertain factors to affect the pilot increases, which indirectly lead to the 
decrease of the air traffic flow. 
From figure 3 we can see the relationship between flow and density, as the density  increases, 
the flow increases gradually at first, the traffic is in a non-congested state; but as the density increases to a 
certain extent, the flow increases to the maximum value; if the density increases continuously, the flow 
will show a downward trend, the traffic will exceed its tolerance and be in a congested state; if the trend 
of the density is to the maximum, the flow will tend to zero and be in a blocked state. From figure 3, the 
traffic flow reaches the maximum when the density 0.3, the flow is close to 0.7 at this time. 
In Figure 4, the average flight speed V  decreases with the density  increases. Theoretically, 
the maximum of the average cruising speed of the aircraft decreases with the number of aircraft on the 
route increases. 
From the figures, we can get the optimal flow of air traffic is approximately 0.7, the optimal density 
is approximately 0.3, the optimal cruising speed is approximately 840km/h. It is known the cruising 
speed of Boeing 737-800 is 848km/h, which indicates that the model and corresponding algorithm is 
accurate and reliable. In this case, the average air traffic flow 2528403.0VJ , 
because =3ijL km, so the average optimal longitudinal safety separation of Boeing 737-800 when 
cruising is approximately: 3km+5 In the route flight phase (the flight in 
the area control), it can be considered as close approach when the longitudinal safety separation of 
adjacent aircraft is less than 3.0km. Therefore, under the current separation standards, when Boeing 
737-800 keeps the longitudinal safety separation of 3.2km with the adjacent same type of aircraft, it can 
achieve the optimal flight status (in the case of assuring the safety separation and the maximum of flow, 
take full advantage of the limited airspace, reach the optimal cruising speed, it can also achieve the 
optimal route density, there is not a waste of airspace and the congestion or block of the traffic). 
6.Conclusion 
In this paper, flight NS model of the aircraft is established based on NS model, in the premise 
of considering the reaction time of pilot and the probability of random deceleration, assuring the 
maximum of traffic flow on the route. Meanwhile, by an example, the relationship between three 
elements of air traffic flow (traffic flow, average flight speed and flight density) is calculated and the 
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optimal longitudinal safety separation of specific type of aircraft is got. Compared with the actual 
separation, it shows that the model and the corresponding algorithm is feasible and can provide 
theoretical guidance to the study of air traffic flow. Next work is studying the three-dimensional 
traffic flow further and find the optimal lateral and vertical safety separation. 
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